Although the lung is a common site for metastatic disease from extrathoracic malignancies, a pattern of lepidic growth of these metastases is considered rare. A 67-year-old man with a history of partial hepatectomy for hepatocellular carcinoma (HCC) presented to our hospital with dyspnea and a nonproductive cough. Chest radiographs and computed tomography imaging demonstrated consolidation in the right upper lobe and an ipsilateral pleural effusion. Findings were initially suspected to be secondary to infection, given the radiographic appearance and the rapid development from a normal computed tomography 3 months previously. However, the patient did not have convincing clinical evidence of pneumonia, and after little change after antibiotic therapy, a thoracentesis and pleural biopsy were performed that were positive for malignancy. Although immunostaining and morphology closely resembled the patient's primary HCC, new pathologic features of cholangiocarcinoma were found. We herein report the first case of rapidly progressing lepidic pulmonary metastases from an HCC that dedifferentiated into a hepatocholangiocarcinoma.
Introduction
The lungs are the second most common site for metastatic disease. Pulmonary metastases are seen in 20%-54% of extrathoracic malignancies with isolated pulmonary metastasis observed in 20% of cases [1] . Early diagnosis of pulmonary metastatic disease is crucial for disease staging and treatment planning with high-resolution computed tomography (HRCT), a sensitive and widely available imaging modality. Typical computed tomography (CT) imaging patterns of pulmonary metastatic disease have been widely described, including multiple solid round nodules of varying sizes and a random distribution (hematogenous spread), smooth interlobular septal thickening with perilymphatic micronodules (lymphangitic carcinomatosis), and solid masses within the bronchial lumen (endobronchial spread) [2] [3] [4] [5] . Rarer, atypical patterns of metastatic disease, including lepidic spread of metastatic malignancy along intact alveolar walls, have been reported and may mimic benign entities such as pneumonia or other malignancies such as primary pulmonary adenocarcinoma (formerly bronchioalveolar carcinoma) [6, 7] . Overlap of the imaging characteristics of these entities may complicate or delay diagnosis. Therefore, recognition of this atypical pattern of metastases and avoidance of this potential pitfall are crucial. We herein report, to the best of our knowledge, the first case of lepidic spread of pulmonary metastases from a poorly differentiated hepatocellular carcinoma (HCC) with the pulmonary metastases demonstrating acquisition of new pathologic features of cholangiocarcinoma.
Case report
A 67-year-old Caucasian man was admitted to our hospital with abnormal thoracic findings on routine outpatient surveillance CT imaging for HCC, which he had been diagnosed with 7 months previously. At that time, magnetic resonance imaging had demonstrated a 2.3 × 2.0 cm (anteroposterior × transverse) segment VIII liver lesion with arterial hyperenhancement, washout kinetics, and a peripheral enhancing capsule with imaging features in keeping with an HCC confirmed on pathology obtained after partial hepatectomy (Fig. 1) . No portal venous invasion, inferior vena cava invasion, or findings of distant metastases were observed at that time. Before this hospital admission, the patient reported 2 weeks of intermittent shortness of breath and a nonproductive cough. Chest auscultation revealed diminished breath sounds in the right midlung zone with tactile fremitus. Vital signs were within normal limits without fever or tachypnea. Laboratory data on admission demonstrated a mildly increased white count of 12,000/ µL but otherwise were within normal limits. Chest radiographs demonstrated consolidation within the right middle and lower lung zones with a unilateral right pleural effusion, findings that were new from radiographs dated 7 months previously and the chest CT dated 3 months previously (Fig. 2) . Noncontrast CT imaging of the thorax demonstrated consolidation within the anterior segment of the right upper lobe with surrounding patchy areas of ground-glass opacification, smooth interlobular septal thickening, centrilobular micronodules, and bronchial wall thickening. Multistation mediastinal lymphadenopathy had markedly progressed from the prior examination. Additionally, a small loculated right pleural effusion of simple fluid attenuation was present. This constellation of intrathoracic findings was new from the CT examination dated 3 months previously (Figs. 3 and 4) . Given the appearance and rapid progression, the patient was diagnosed as having communityacquired pneumonia with endobronchial spread of infection, treated as an inpatient with azithromycin and ceftriaxone, and was subsequently discharged.
The patient returned 8 days later with worsening shortness of breath and nonproductive cough with new-onset subjective fevers despite compliance with outpatient antibiotic therapy. Chest auscultation demonstrated diminished breath sounds in the right mid-lung zone with tactile fremitus and rhonchi. Laboratory data on admission demonstrated a mildly increased white count of 14,300/µL. Serum alphafetoprotein was 4.3 ng/mL and, although within normal limits, increased from 3 to 6 months previously when it measured 2.8 and 1.7 ng/mL, respectively. CT imaging demonstrated an interval increase in the size of a now moderately sized rightsided loculated pleural effusion with new chest wall and mediastinal nodular pleural thickening, as well as persistent consolidation, ground-glass opacification, and bronchial wall thickening in the anterior segment of the right upper lobe (Figs. 3 and 4). New similar opacities were seen in the left upper lobe. The patient was admitted and diagnosed as having a hospital-acquired pneumonia with an associated parapneumonic effusion and was treated with levofloxacin and vancomycin.
The patient underwent diagnostic thoracentesis of the right pleural effusion with cytology demonstrating atypical cells compatible with malignancy. Immunohistochemical staining was positive for CK7, MOC31, and BerEP4, with the morphology and staining pattern indicative of a poorly differentiated carcinoma. The sample was negative for thyroid transcription factor 1 (TTF-1) and napsin A, making a primary pulmonary adenocarcinoma an unlikely etiology. Hepatocyte paraffin 1 monoclonal antibody (Hep Par 1) immunostain, which has been expressed by the patient's known poorly differentiated HCC on the hepatectomy specimen 7 months previously was positive on the pleural effusion specimen. Subsequently, a right pleural biopsy was performed and glandular formation was identified. A cytokeratin 19 (CK19) immunostain, a marker of biliary differentiation, was positive on both the pleural effusion and the pleural biopsy specimens (Fig. 5) . With the overall morphology of the pleural biopsy specimen demonstrating new glandular formation and the immunohistochemical staining pattern of the thoracentesis specimen resembling that of the previously diagnosed poorly differentiated HCC albeit with acquisition of new glandular morphology and markers of cholangiocarcinoma, the final diagnosis was rapidly developed lepidic pulmonary, pleural, and nodal metastases from a poorly differentiated HCC with new features of cholangiocarcinoma. Within 3 weeks, the patient degraded rapidly, becoming more hypoxic and delirious, and ultimately died of respiratory failure.
Discussion
The vast majority of metastatic disease to the lungs presents as multiple solid, round, randomly distributed nodules of varying size secondary to hematogenous spread of malignant cells [2, 4] . Although classically associated with primary pulmonary adenocarcinoma, lepidic spread of metastatic malignancy along intact alveolar walls has been described in several case studies in the setting of extrathoracic adenocarcinomas, including gallbladder, pancreas, stomach, small bowel, colon, ovarian, and malignant melanoma [7] [8] [9] [10] . In 1 single-center retrospective analysis, approximately 10% of a single cohort of patients with primary gastrointestinal malignancies (n = 65) demonstrated a lepidic pattern of metastatic disease [6] . Although lepidic pulmonary metastases have also recently been described in the setting of cholangiocarcinoma and combined hepatocellular-cholangiocarcinoma (HCC-CC), to the best of our knowledge, this is the first reported case of lepidic spread of metastatic, poorly differentiated HCC with the thoracic metastases demonstrating acquisition of new pathologic features of cholangiocarcinoma [11, 12] . Radiographic features of lepidic metastases are often very nonspecific and manifest as areas of consolidation that may be associated with air bronchograms [2, [13] [14] [15] . Pleural effusions may be present in the setting of advanced disease [16] . HRCT findings of lepidic metastases are characterized by consolidation, ground-glass opacity, and centrilobular and treein-bud micronodules typically of ground-glass attenuation, reflecting cancer cells lining intact distal bronchioles with variable amounts of intra-alveolar involvement [6, 7, 13] . Although well-defined centrilobular and tree-in-bud micronodules of soft tissue attenuation have also been described, they are far less common [17, 18] . Focal and extensive areas of ground-glass opacification have been reported and with increased tumor burden may develop into regions of consolidation [6, 19] . Less common features such as nodules with surrounding groundglass opacification, the so-called halo sign, and prominence of contrast opacified vessels traversing areas of lower attenuating consolidation, known as the "CT angiogram sign," have been described [6, 20] . Development of malignant pleural effusions in the setting of disseminated disease has also been reported in at least 1 case of lepidic spread of malignant mesothelioma [16] .
The presence of centrilobular and tree-in-bud micronodules most commonly reflects distal airway impaction by mucus, secretions, and micro-organisms in the setting of either infectious bronchiolitis or bronchiolitis secondary to aspiration or bronchiectasis [13] [14] [15] . Tree-in-bud nodules have also been reported in the endobronchial spread of pulmonary adenocarcinoma [21] . Ground-glass opacification and consolidation are also typically associated with acute conditions such as pneumonia, diffuse alveolar damage, pulmonary edema, and hemorrhage. The differential for chronic consolidation includes organizing pneumonia, chronic eosinophilic pneumonia, lymphoma, or primary pulmonary adenocarcinoma [15, 22, 23] . Thus, differentiating lepidic pulmonary metastases from these other more common entities relies heavily on clinical findings and the temporal evolution of imaging features. For example, lobar pneumonias are typically associated with fever, sputum production, and elevated white blood cell counts, and after antibiotic therapy, resolution over the following 2-4 weeks would be expected [2, 11] . On the other hand, lepidic metastasis should be considered when consolidation persists or worsens, or when there is absence of convincing evidence of infection, particularly in a patient with a known extrathoracic malignancy [13, 19, 24, 25] . In equivocal cases, definitive diagnosis ultimately requires biopsy.
In our patient, antibiotic treatment failure, the presence of atypical cells, and nonresolving consolidation raised concern for an unusual pattern of metastatic disease and a primary pulmonary adenocarcinoma. Studies have described high positive predictive values in diagnosing primary pulmonary adenocarcinoma with individual positivity of either TTF-1 (72%) or napsin A (83%) and higher specificity when positivity was demonstrated with both markers [26] [27] [28] . Our patient was negative for TTF-1 and napsin A, making primary pulmonary adenocarcinoma very unlikely. In addition, primary pulmonary adenocarcinomas typically do not suddenly appear on HRCT and rather slowly grow over the years [29] .
Additional immunostaining with Hep Par 1 and CK19 was performed. Hep Par 1 has been reported as a sensitive marker for HCC with a positive predictive value up to 93% and has been positive on the pleural effusion specimen [30, 31] . CK19 is a marker of biliary differentiation and has been described as a promising prognostic marker for HCC with expression linked to a more aggressive clinical course and higher rates of disease recurrence [32, 33] . Although approximately 10%-27% of HCCs have been reported to express CK19, these tumors retain their typical morphologic characteristics, with CK19 more commonly expressed in cholangiocarcinoma and HCC-CC [34, 35] . In addition to CK19 expressed on both the pleural effusion and the pleural biopsy specimens, new glandular morphology was identified on the pleural biopsy specimen, a histologic morphology reported in cholangiocarcinoma [36] . These histologic findings, in addition to the overall radiographic appearance, suggest a lepidic spread of metastases from a poorly differentiated HCC with new pathologic features of cholangiocarcinoma as the unifying diagnosis.
In conclusion, this is the first reported case of rapidly progressing lepidic pulmonary metastases from a treated poorly differentiated HCC with acquisition of new pathologic features of cholangiocarcinoma. The rapid development and overlapping radiographic features with pneumonia may present as a potential diagnostic pitfall and could delay appropriate therapy. Therefore, although new consolidation and CT features of bronchiolitis are most commonly associated with acute inflammatory conditions, absence of infectious symptoms and failure of clearance after appropriate therapy should raise suspicion for lepidic metastasis in patients with known extrathoracic malignancies. 
